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IlisnnqplBStic molding compositions, comprising 

A) firom 10 to 99% by weight of at least one thermoplaBtic 
polyamide, 

B) fiwn 0.01 to 50% by weight of 

Bl) at least one highly branched or hyperbranched polycar- 
bonate with an OH aumber of from 1 to 600 mg KOH/g 
of polycarbonate (to DIN 53240, Part 2), or 

B2) at least one highly branched or hyperbranched polyester 
ofAjBy type, where x is at least 1.1 and y is at least 2.1, 

or a mixture of these, 

C) ftom 0 to 60% by waght of other additives, 

where Ifae total of the percentages by weight of components 
A) to C) is 100%. 
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FLOWABLE POLYA MIDEg WITH 

HVPERBRANCHEID 
POLYESTERSflPOLYCABBONATES 

[0001] The invention rdates to fhamorplaBtic molding 

compositions, comprising 

[0002] A) from 10 to 99% by wei^ of at least one 

thermoplastic polyamide, 

[0003] B) from 0.0! to 50% by weight of 

L0004J HI J at least one bigMy branched or byperbrattdied 
polycarbonate with an OH mimba- of fmm 1 to 600 mg 
KOH/g of polycarbonate (to DIN 53240, Part 2), or 

[0005] B2) at least one highly branched or hyperbiandied 
polyester of A^B^ type, where x is at least 1.1 and y is at 

[0006] or a mixture of these, 

[0007] C) Jiom 0 to 60% by wei^t of otha: additives, 

where the total of 1he perceotagea by weight of components 
A) Id q is lOBfA. 

[0008] The iuveuliuii fiuOier ndaleii tu Uis uiuf uf Ihe 
inventive molding compositions for jHoduction of fibers, of 
foils, or of moldings of any type, and also to the resultant 

[0009] Polycarbonates are usually obtaliied fiom the reac- 
tion of alcohols with phosgene, or fioni transesteiificatjan of 
alcohols or of phenols, usmg dialkyl or diaryjcarbonates. 
Aromatic polycatbaaates are unpottant industrially and are 
prepared, by -way of exanipie; fiom bisphenols, whereas 
aliphatic polycarbonates are less important in terms of 
market voltime. In this coimectioii, see also Becker/Braun, 
Kunststofl'-Handbuch [Plastics Handbook] Vol. 3/1, Poly- 
carbonate, Polyacetale, Polyester, Cellulaseester [Polycar- 
bonates, polyacetals, pcdyesters, cellulose esters], Carl- 
Hanser-Verlag Munich 1992, pages 118-119. 
[0010] Hie aliphatic polycaibonates described are gener- 
ally Imear or else have a structure widi a very small degree 
of brancbing. For example, U.S. Pat. No. 3,303,603 
describes the use of solid linear poilycarbonates i^^se 
molecular weight is above 15 000 dalton as plasticizers fttr 
polyvinyl polymers. 

[OOU] Low-molecular-weight additives ate usnaUy added 
to Ihennoplastics in order to improve flowability. Hiowevei; 
Aese additives have veiy limited effectiveness because^ for 
example, the fall-off m mechanical properties becomes 

imacceptable wheal the nnuiuxit added of &3e additive i& 

[0012] High-ftmctionality polycarbonates of defined 
structure have been known oiiy for a short tune. 
[U013] S. K Kannard and N. J. Uavis, J. Am. Cheni, Soc, 
2000, 122, 11729 describe preparation of perfectly branched 
dendrimeric polycarbonates via reaction of carbonylbisimi- 
dazole, as phosgene-analogous compound, wilhbishydroxy- 
eth.ylainiixo-2-piQpaiiol. Syntkeses to give perfect denddm- 
eis have four stages and are therefore expensive and not vcay 
suitable for industrial scale-up. 

[0014] D. H. Bolton and K. L. Woolcy, Macromolecnles 
li>P7, 30, IgPO describe &s preparatiou of bigh-inolsciilsir- 


weigiht, high-ngjdity hypeihianched aromatic polycarbon- 
ates via reaction of l,l,l-tris(4"Jiydroxy)pheaylethaiJs with 
carhonylbdsimidazQle. 

[0015] Hyperbrancbed polycarbonates may also be pie- 
paied as in WD 98/50453. In the process described there, 
triols are ag^n reacted with caibonylbicimidazole. The fiist 
product is imidazolides, and &ese are fheu fai&sr reacted 
intermolecularly m give the polycaihonates. The method 
mentioned gives the polycarhanates m the form of colorless 
or pale yellow rubbeiy products. 

[0016] The syntheses mentioned givmg highly branched 

or hyperbranched polycarbonates have the following disad- 
vantages: 

[0017] a) the hyperbranched products either have 

melting point or are rubhoy, and 
[0018] this markedly restricts subsequent piocessabili^. 
[0019] b)taiidazole liberated during the reactkm has to be 

rranoved fiom the reaction mixture in a complicated 

process. 

[0020] c) tlie reaction products always comprise terminal 
imidazolide groups. These groups are labile and have ta 
be converted into, ror example, hydroxy groups by way of 
a subsequent step. 
[0021] d) carbonyldiimidazole is a comparatively expen- 
sive chemical which greatly increases raw material costs. 
[0022] WO-97/4.M74 discloses thermoplastic composi- 
tions which comprise dendrimeric polyesters m the form of 
an ABj molecule in a polyester. Here, a polyhydric alcohol 
as core molecule reacts with dimethylolpropionic acid as 

ABj molctule lu give a Uejiihimeriu pulyeslet. This com- 
prises only OH flmctioDalitjes at the end of the chain. 
Disadvantages of these mixtures are the high glass transition 
temperature of the dendrimeric polyesters, the compara- 
tively complicated preparation process, and especially the 
poor solubility of the dcndrimcrs in the polyamide matrix. 
[0023] According to the teaching o C Dl i-A 1 01 32 928, the 
incorporation of branching agents of this type by means of 
compotmding and solid-phase post-condensation improves 
mechanical properties (molecular weight mcie^). Disad- 
vantages of the process variant described are Use long 
preparation time and the disadvantageous prnperties previ- 
oimly mentioned. 

[0024] DE 102004 005652.8 and DE 102004 005657.9 
have previously proposed novel flow improvers for poiyes- 
tera. 

[0025] The prior art discloses additives for improving flow 
m polyamides: 

[me] FR-A 28 33 603: hyperbranched polyamides as 

Theology modifiers fcr PA 
[0027] U.S. Pat. No. 0,541,599 soluble hypcibranclicd 

polyamides and their use, inter alia as theology modifiers 

for thermoplastics 
[0028] DE-A 102 51 294: branched PA as additive for 

tranGparcnt, omarplious PAa 

[0029] DE-A 102 55 044: teiminal-polyfiaictional (i.e. 
branched, hyperbranched, dendritic) polymers of the 
gronp of polyesters, polyglyceiols, polyelhers as rheology 

modiGHiB in PA and PBT. 
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[0030] EP-A 682 057 describes an improvBd-flow nyltm-6 

v/itil St ipecific fiKt-generatwa 1 ^-diaim]wbixtaiie[4}prarpy- 

lamine dendrimw. DB-A 19953 950 describes flowable 
compounded potyamide materials with hi^y brEmched 
polyetheramides as reagent. The flow improver in this case 
is synthesized from monomeric oxazoline units- Tile effect 
first becomes apparent on addition of 10% of polyetheram- 
ide. Universal applicability is lacking in both examples, and 
moreover (he syntiiesis of the dendrimera described is incon- 
venient and expensive. The improvemaiit in flow activity, 

SV„, ia not entirely satisfactory, and a.&n off in meehonioal 

properties is also observed. 

[0031] It was therefore an object of the present invention 
to provide flieimoplastic polyamide moldiitg compositions 

[0032] Accordingly, the molding compositionB defined at 
die outs^ have beea found. Prefened eambodimeats are 
ruuud in IliB subvlduis. 

[0033] The inventive molding compositions comprise, as 
componoit A), fiom 25 to 99% by weight, prefaabiy from 
30 to 98% by weight, and in particular from 40 to 95% by 
weigtit, of ai least one polyamide. 
[0034] The polyamides of the inventive molding compo- 
sitions generally have a viscosity number of from 90 to 350 
ml/g, preferably from 110 to 240 ml/g, determined in a 0.5% 
streugtJi by weight solution m <■»"/<> strcngtti by weight 
sulfiiric aciil at 25" C. to ISO 307. 

[0035] Semii;ryslalliue or iimorphous resins with a 
molecular weight (weight-average) of at least 5000, e.g. 
those described in the American patent speraiications U.S. 
Pat. Nos. 2,O7U50, 2,071,251, 2,130,523, 2,130,948, 
2,241,322, 2,312,966, 2,512,606 and 3,393,210 are pie- 

[0036] Examples of these ate polyamideB derived from 
lactaim having fitm 7 to 13 ring mranbers, e.g. polycapm- 
lactam, polycapiylolactam, and polylautoiactam, and also 
polyatnides obtained via reaction of dicarboxylic arads with 

[0037] Dicaiboxylic acids which may be used are 
atkanedicarboxylic adds having from 6 to 12, in particular 
from 6 to 10, caabon atoms, and aromatic dicarboxylic acids. 

Acids whicli may be mentioned here merely as examples are 
adipic acid, azelaic acid, sebacic acid, dodecanedioic add 
and terephihahc and/or isophthalic acid. 

[0038] Particularly suitable diamines are alkanediamiiies 
liuvJiig Shmi 6 lu 12, iu parliuiilur fium 6 Ui S, uiibun alums, 
and also m-iiyiyleuediaminB, di(4-aminophBnyl)mBtbans, 
di(4^amiuocyclohexyl)methane, ^■di(4-amin[jihRnyl)pro- 
pane, 2,2-di(4-aminotyciohexyl)pn)pane or l,5-diamino-2- 
methylj»entane. 

[0039] Preferred polyamides are polyhexamefliyiejieadi- 
pamide, polyhexamethylenesebacamide and polycaprolac- 
tam, and also nylon-6/6,6 copolyamides, in particnlBr having 

[0040] Otlier suitable polyamides are obtainable from 
w-amir»alkyl nitriles, e.g. aminocapiromtrile (PA S) and 
adipodimtrile with bsxiimefhyleiiaduimina (PA 66) via what 


is known as diiect polymerization in He presence of watei^ 
for axampla as daecribed in DE-A 10313681, EP A 11!>8491 
and EP 922065. 

[0041] Mention may also be made of polyamides obtain- 
able, by way of example, via condensatioD of 1,4-diami- 
nobutane with adipic acid at an elevated temperature (nylon- 
4,6). Preparation processes for polyamides of this structure 
are described by way of example in EP-A 38 094, EP-A 38 
582, and BP-A 39 524. 

[0042] Otliorsmtnblooxoinplos ore polyamides obtahioblc 

via copolymerization of two or more of the abovanentioned 
monomers, and mixtures of two or more polyamides in any 
desired mixing ratio. 

[0043] Other polyamides which have picven particularly 
advantageous are semiaromatic copolyamides, such as PA 
6/6T and PA 66/6T, where the triamine content of these is 
less than 0.5% by weight, preferably less than 0.3% by 
weijOit (see EP-A 299 444 and EP-A 667 367). 
[0044] Preferred polyamides are composed of: 
[004^ Al) finm 20 to 90% by weight of units which 

derive j&om testcpfatiialic acid and from hexamethylenedi- 

HuiiriB, 

[004(S] A2) from 0 to 50% by weight ofunits which derive 
fiom E-caprola<^am, and 

[0047] A3) ftomO to 80% by weight ofunits which derive 
fiom adipic acid and fiom hatamethylenediamine, 

[0048] A4)ftmn0to40%byweightofolharpolyamide- 
fonniitg monomeis, whoe the proportion of contponsit 
(A2) or CA3) or (A4) or their muctnrEs is at least 1 0% by 

[0049] Component Al) canalises fiom 20 to 90% by 
weight of units which derive fiomtsepiblfaalic acid and from 
bexametbylenediamine. 

[0050] The copolyamides comprise, alongside the units 
which derive from terephthalic acid and fii3m hexametliyl- 
enediamine, units which derive from e-eaprolactam and/or 
tinits which derivs &om adipic acid and from hexametliyl- 
enediamine and/or units wliich derive from other polyamide- 
forming monomers. 

[0051] The proportion of units which derive fiiom e-ca- 
piolactam is at most 50% by weight, preferably from 20 to 
50% by weight, in particular from 25 to 40% by weight, 
while the proportion of units which derive from adipic acid 
and from hexamethylenediamine is tip to 80% by weight, 
preferably from 30 to 75% by weight, and in particular from 
35 to 60% by weight. 

[0052] The copolyamides may also comprise not only 
units fiom e-capwlaclam but also units from adipic acid and 
hexamethylenediamine; in this case, it is advantageous for 
the proportion of units free from aromatic groups to be at 
least 10% by weight, preferably at least 20% by weight. The 
ratio of the tmits which derive fixjm e-caprolactam and from 
adipic acid and fiom hexamethylenediamine is not subj ect to 

[0053] Polyamides having from 50 to 80% by weight, in 
particular from 60 to 75% by weight, of units which derive 
from terephthalic acid and firam hexamethylenediamine 
(unilB Al)) and ftom 20 to S0% by waight, pnnfinably Oom 
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25 to 40% by weight, of units wfaidi derive ftom E-cspco- 
lactam (usahe A2)) liave piovsa pattjcolarly advantageons 
for many s^Hcatiotis. 

[0054] The semiaromatic copolyamides can comprise, 
alongside lie imits Al) to A3) described above, amounts of 
up to 40fK, hy vreight, pieferatkly from 10 to 30% by weigjit, 
and in particular fiinn 20 to 30% by waght, of ofter 
polyamide-fomiiQg monomers A4), tbese bdng known finm 
olher polyamides. 

[OOSe] Aromatic dicoifeoxylio usids A4) have »om Stal€ 
carbon atoms. Examples of suitable aoimatic dicarboxyHc 
acids are isophthalic acid, substituted teceph&alic add and 
substituted isophthalic acid, e.g. 3-tert-butylisophthalic acid, 
polyuuclear dicarboxylic acids, e.g. 4,4'- and 3,3'-bipheny]- 
dicarboxylic acid, 4,4'- and 3,3'-diphenylmethane-dicar- 
boxylic acid, 4,4'- and 3,3'-diplienyl sulfone dicarboxylic 
acid, 1,4- or 2,6-naphthalenedicarboxylic acid, plienoxy- 
terephthalic add, particularly preferably isophthalic acid. 
[00S6] Otlter polyamide-forming monomers A4) can 
derive liom dicarboxylic acids having from 4 to 16 carbon 
atoms and ftom aliphatic or cycloaliphatic diamines liaving 
from 4 to 16 carbon atoms, and also from aminocaiboxyiic 

carbon atoms. Suitable monomers of this type which may be 
mentioned here merely by way of example are suberic acid, 
azelaic acid, or sebadc acid as representatives of the ali- 
phatic dicarboxylic acids, 1,4-butanediamine, 1,5-pen- 
tanediamine, piperazine, 4,4'-diaminodicyclohexyhnethanB, 
2,2-(4,4'-diammo-dicyclohexyl)propane, 3,3'-dknefliyl-4,4'- 
diaminodicyclohexytoiethane, or meta-xylylenediamine as 
representatives of the diamines, and captylolactam, enan- 
UioUiclam, ui-aminoundeamoic acid, and laurolaclam aa 
representatives of lacjams and aminocaiboxyiic acids. 
[0057] The following constitutions of canqjonent (A) are 
particnlariy preferred heie: 

[0058] Al) from 65 to 85% by weight of units which 
derive from terephlhalic acid and fimn hexame^hylaiedi- 

[00S9] A4) from 15 to 35% by weifiht of units which 
derive from isophthalic acid and from hexamethylajedi- 


[0060] Al) from 50 to 70% by weight of units which 
derive from terephfhalic acid and from hexamethylenedi- 

[0061] A3) from 10 to 20% by weight of units which 
derive fiom adipic add and fiom hexamethylenediamine, 
and 

[0062] A4) from 20 to 3C% by wei^ of unite which 
derive from isophthalic acid and from hexamefliyleaedi- 

[0063] If component (A) comprises symmetrical dicar- 
boxylic acids in which the carboxy groups are in para-8 
position, itis advisable to structure these witli (Al) and (A2) 
or (Al) and (A3) as ternary copolyamides, since otherwise 

the copolymer would have an excessively high melting point 
and would only meh with decon^tKition, this being unde- 
sirable. 

[0064] Other copolyamides wMch have proven particu- 
lar^ advantageans an> tiiose Bttmaromatio copolyomidsB 


wli(»e trismine content is less dian 0.5% by wei^d, prcf- 
enUy than 03% by wei^t 

[0065] Semiaromatic copolyamides prepared by most of 
the known processes (cf. U.S. Pat. No. 4,603,166) have 
triamme eontenls above 0.5% by weight, and tiiis leads to 
impairment of product quality and to problems in contirmons 
piefiaratioiL A particular triamine which may be mentioned 
of causing these problems is dihexamethylene-triaminB, 
which jcKims from the hexamethylenediamine used during 
the preparation process. 

[0066] Copolyamides wilfa low triamine content have 
lower melt viscosities at the same sohition viscosity, vtbso. 
compared with products of the same constitution which have 
high triamine content This impiDves not only ptocessibility 
but also product properties considsrably. 
[0067] The melting points of Ifae semiaromatic copolya- 
mides are in the range from 270 to 325° C, preferably fiom 
280 to 310° C, and this high melting point is also associated 
with a high glass transition temperature which is generally 
above 75° C, in particular above 85° C. (in the dry state). 
[0068] Binary copolyamides based on terephthalic acid, 
hexamethylenediamine and e-caprolactam have melting 
points in the region of 300° C. and (in the dry state! a glass 
transition temperature above 1 10° C. if they have about 70% 
content of units which derive from terephthalic acid and 
li-om hexamethylenediamine. 

[«06!>] Binary copolyamides based on terephthalic acid, 
adipic acid, and hexamethylene-diamiae adiieve melting 
points of 300° C. and above even at lelativeily low oontents 
of aboiA 55% by weight of units derived from tareplifhalic 
acid and hexamethylenediamme (HMD), but the glass jian- 
sition texiQjeratuie here is not quite as high as for bmaiy 
copolyamides which comprise e-caprolactam instead of adi- 
pic acid or adipk acid/HMD. 

[0070] According to the mvcntion, the semiaromatic 
copolyamides are those whose degree of crystallinity is 
>10%, preferably >15%, and in particular >20%, 

[0071] The degree of crystallmity is a measure of the 
Miction of crystallme fragments in the copolymer atri ts 
determined via X-ray diffiactiolL 

[0072] The processes described ha EP-A 129 195 and 129 
copolyamides with low triamine contesnL 
[0073] It is, of course, also possible to use mixtures of the 
semiaromatic copolyamides, the mixing ratio here being as 

[0074] The following list, which is not comprehensive, 
comprises the polyamides A) mentioned and other polya- 
mides A) for the purposes of &e inveilion, and the mono- 
mers pt^esent; 
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Hexamethylencdiamine, sel 
HexamethylenedUrnine, nn 


[0079] Thegi 
fram -80 to + 

(acooiding to DSC, DIN 53765). ' 
[0080] In particiilar, Ihe viscosity (mPas) at 23° C. (to DIN 
53019^ is &om 50 to 200 000, in particular fiom 100 to 150 
000, and very paiticularly preferably firoin 200 to 100 000. 


[0082] a) reaction of at least one organic carbonate (A) of 
the general formula RO[(CO)0]„R with at least one 
aliphatic, aliphatic/aromatic, or aromatic alcohol (B) 
which has at least 30H groups, with elimination of alco- 
hols ROH to give one or more condensates (K), where 


PA6I/6T/PACMT 


PA fiWlSPMACMT ss 6MT + < 
PATOSPMXDT 


(»ePAeiaiidPA6T) 
uBAO/CT + diimiiiDdic; 
terqihtlialic acid 


PA12/MACMT 
PAPUA-T 


[0083] ab) reaction of phosgene, diphosgene, or triphos- 
gene with abovanentioned alcohol (B) with elimination 
of hydrogen chloride and 


[0075] The inventive molding compositions comprise, as 
component B), from 0,01 to 50% by weight, preferably from 
0.5 to 20% by weight, and in particular from 0.7 to 10% by 
weight, of Bl) at least one higkly branohcd or hypcr- 
branched polycarbonate having an OH number of from 1 to 
600 mg PCOH/g of polycarbonate, preferably from 10 to 550 
mg KOH/g of polycarbonate, and in particular fcom 50 to 
550 mg KOH/g of polycarbonate (to DIN 53240, Part 2) or 
of at least one hyperbranched polyester as component B2), 
or a mixture of these as explained below. 
[0076] For the purposes of this invention, hyperbranched 
polycarbonates Bl) are non-crosslinkied macromolecules 
having hydroxy groins and carbonate groups, ^se having 
bofh structural and molecular nommifomiity. Their structure 
may iirstly be based oa a ceattal molecule in the same way 
' nt with nonuniform chain length of the 
Jy, tbey may also have a linear sUticturc 
endant groups, or else they may combine 
i, having linear and branched molecular 
portions. See also P. J, Flory, J. Am. Chsm. Soc, 1952, 74, 
2718, and H. Fiey et al., Chem. Eur. J. 2000, 6, no. 14, 2499 
Ic and hyperbranched poly- 


[0077] "Hyperbranched" in the context of the present 
invention means that the degree of branching (DB), i.e. the 
average number of dendritic linkages plus the average 
number of end groups per molecule, is from 10 to 99.9%, 
preferably from 20 to 99%, particularly preferably irom 20 
to 95%. "Dendrimeric" in the context of the present inven- 


:e of bl 


E from 


100%. See H. Frey et al., Acta Polym. 1997, 48, 30 for the 
definition of "degree of branching". 

it Bl) piederably has a number-average 
nassN^oirfinni 100 to 15 000 g/mol, preferably fiom 


[0078] 


[0085] where the quantitative proportion of the OH 

selected in sucb a way that the condensates (K) have an 
average of either one carbonate group and more than 
one OH group or one OH group and more than one 


[0086] Starting materials which may be used comprise 
phosphene, diphoseenej or triphosgene, preference being 
given to orgattic carbonates. 

[0087] Each of the radlcids R of llie organic carbonates (A) 
used as starting material and having the general formula 
RO(CO)OR is, independently of the others, a straight-chain 
or branched aliphatic, aromatic/aliphatic, or aromatic hydro- 
carbon radical having ftom 1 to 20 carbon atoms. The two 
radicals R may also have bonding to one another to form a 
ring. The radical is preferably an aliphatic hydrocarbon 
radical, and particdaily preferably a straight-chain or 
branched aUcyl radical having fiom 1 to 5 carbon atoms, or 
a su1)stianed or unsUbstltuied phen;;! ladlcal. 

[0088] Use is particular^ made of simple carbonates of 
the formula RO(CO)OR; n is piefetably flom 1 to 3, in 

particular 1. 

[0089] By way of example, dialkyl or diaiyl carbonates 
may be prepared from the reaction of aliphatic, araliphatic, 
or aromatic alcohols, preferably monoalcohols, with phos- 
gaie. They may also be prepared by way of oxidative 
cartxinylation of the alcohols or phenots by means of CO in 
the presence of noble metals, oxygen, or NO^. In relation to 
pteparation methods feu- diaiy] or dialkyl carbonates, see 
n's Encyclopedia of Industrial Chemistry", 6th 
i BlectiDiuc Hfilease, Vedag 'Vraey-VCH. 
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[0090] Exmnples of suitable carbanats con^rise ali- 
phatic, ElZQUiatic/alipliatic or aromatic caifjonateft, sudi as 

ediylene carbonate, piop^ene 1,2- or 1,3-catbcmate, dipte- 
nyl carbonate, ditolyl carbonate, dixylyl carbonate, dinaph- 
thyl carbonate, ethyl phenyl carbonate, dibenzy! carbonate, 
dimethyl carbonate, diethyl carbonate, dipropyl carbonate, 
dibntyl carbonate, diisobulyl carbonate, dipan^l carbonate, 
dihexyl carbonate, dicyclohexyl carbcmate, diheptyl carbon- 
ate, dioctyl carbonate, didecyl carbonate, w didodecyl car- 

[0091] Examples of carbonates in which a is greata- than 
1 comprise dialkyi dicarbonates, such as di(tert-biityl)dicar- 
bonate, or dialkyi tricarbooates, such as di(tert-btityl)tricar- 

[0092] It is preferable to use aliphatic carbonates, in 
particular those in vAadi the radicals comprisB fiom 1 to S 
carbon atoms, e.g. dimethyl caifaonate, diethyl carbonate, 
dipropyl caifaonate, dibutyl carbonate, or diisobutyl carbon- 

[0093] Theoiganiccarbonatesarereactedwithatleastone 
alipihatic alcohol (B) which has at least 3 OH grooips, or with 
miTdares of two or more difieient elcdhols. 
[0094] Examples of compounds having at least three OH 
groups coinprise glycerol, trimetbylolmethane, trimelhylo- 
lefhane, trimelhylolpropane, 1,2,4-butanetriol, tris(hy- 
drDitymetfayl)amin£, lris^ydroxyethyl)amine, tris(hydrox- 
ypiDpyl)amiiie^ pentaeiyilirltol, diglycero], Irlglycerol, 
polyglyoemls, bis(trimelliyloIpiDpaneX tris(hydiDxymetliyl- 
)iEocyam]rate, tiis(hydn}xydliyl)isQCyamjrate, pfalomghjci- 
Dol, tnhydiDzytoluaiB, 1rih(ydn»[ydimetl]ylbe3izBQB, phloro- 
ehcides, hexafaydroxybaizene, 13,5-benzenetiim^l)anoL 
1,1,1 -tris(4'-hydroxypheny1)metliane, 1 ,1 ,l-tris(4'-hydrox- 
yplienyl)ethane, bisCtrimethyloIpropane), or sugars, e.g. ghi- 
cose, trihydric or higher-functionality polyetherols based on 
trihydric or higher-fuuctionaUty alcohols and ^hylene 
oxide, propylene oxide, or butylene oxide, or polyesterols. 
Particular preference is given here to glycerol, trimetbylo- 
lethane, trimethylolpropanei, 1,2,4-butanetiiol, peofaeiythii- 
tol, and their polyethraols based on ethylene oxide or 
pmpylane oxide. 

[0095] These polyhydric alcohols may also be used in a 
mixture with dihydric alcohols (B'), with the proviso that the 
average OH functionality of the totality of all of the alcohols 
used is greater than 2. Examples of suitable compounds 
having two OH groups comprise ethylene glycol, diethylene 
glycol, triethylene glycol, 1,2- and 1,3-propanediol, dipro- 
pylene glycol, tripropylene glycol, neopentyl glycol, 1,2-, 
1,3-, and 1,4-butanediol, 1,2-, 1,3-, and 1,5-pentanediol, 
hexanediol, cyclopenlanediol, cycloltexanediol, cyclohex- 
anedSmeflianol, bis(4-hydroxycyclohexyl)methane, bis(4- 
hydrDixycyclo-lie!^l)ethane, 2,2-bis(4-hydroxycyclohexyl- 
)pnjpaiie, l,l'-bis(4-liydroxypheiiyl)-33.5- 
trimetbyleyelohBsanet reoorcino], bydroqujnone, 4,4'- 
dihydraxyphenyl, bis(4-bis(hydroxyphenyl)sulfide, bis(4- 
hydraxypbeayl)siitfQne, fai£0iydFoxymefhyl)benz«]e, 
bisO»y<tooxymethyl)tQhjeijei bis(j»-]iydroicyphfiiiyI)melhane, 
bis(p-hydKixyphenyI)efliane, 2,2-his(p-hydroxyphfinyl)pro- 
pane, l,l-bis^-hy^xyphenyl)cyclohexane, dihydroxyben- 
zopheiioae, dilqrdric pdye^hea- polyols based on ethylene 
oxide, propylme oxide, butylene oxide, or ttieir mKlures, 
polyt^iahydrofiiiao, polycaprolactone, or polyestraols 
baead on dioln and dioorboxjrUo aoids. 


[0096] The dids serve for line adjustment of the properties 
of the polycarixmatB. If use ia made of dihydric alcdiole, the 

ratio of diiQFdric alodiols B*) to the at least ti%dric aknhdls 
(B) is set by the pewoft skilled m the art as a flincliott of the 
desired properties of tte polycarbonate. The amount of the 
alcdiol(s) (B') is generally from 0 to 39.9 mol %. based on 
the entire amount of the totality of all of the alcohols (B) and 
(B"). The amount is prefaably from 0 to 35 mol %, particu- 
larly preferably fiom 0 to 25 mol %, and veay paiticulaily 
preferably fiom 0 to 10 mol %. 

[0097] The reaction of phosgene, diphosgene, or ttiphos- 
gene with the alcohol or alcohol mbrture generally takes 
place with elimination of iQ/ditigm chloride, and the reac- 
tion of the carbonates with tbe alcohol or alcohol mixture to 
give the inventive Ugh-ftmctionaHty hi^y branched poly- 
carbonate takes place with esUmmatian of the monohydric 
alcohol or phenol fiom fte caifaonate molecnle. 

[0098] After the reactiaa,i.e.witboiltInrttiei modification, 
fte hi^-functionaHty highly branched polycarbonates 
fanned by the inventive process have tenninalion by 
hydroxy gn>ut» and/or by caifaonate groups. They have good 

solubility in -vaiioua solvents, c.^. in water, oIcoIidIb, such as 
methanol, ethanol, butanol, alcohol/water mixtures, acetone, 
2-butanone, ethyl acetate, btrtyl acetate, methoxypropyl 
acetate, meHjoxyethyl acetate, tetrahydrofliian, dimethylfoi^ 
mamide, dimethylacetamide, N-methylpynolidone, ethyl- 
ene carbonate, or propylene carbonate. 

[0099] For the purposes of this invention, a high-&nction- 
ality polycarbonate is a product which, besides the carbonate 
gnmps which form &e polymer skeleton, fturthsr has at least 
ftree, preferably at least six, more preferably at least tea, 
lemaii^ or pendant Amctional gnnips. The fimctional 
groups are carbonate gfoTjps and/br OH groups. There is in 
principle no upper restriction on the number of the teiminal 
or pendant lunctional groups, btit products having a very 
hi^ number of functional groups can have undesired prop- 
erties, such as high viscosity or poor solubility. The hi^- 
fimctionality polycarbonates of the present invention mostly 
have not more than 500 terminal or pendant functional 
groups, preferably not more than 100 terminal or pendant 
lunctional grovips. 

[0100] When preparing the high-functionahty polycarbon- 
ates Bl), it is neucsBary tu adjust tlie ratio of the compounds 
comprising OH groups to phosgene or carbonate in such a 
way that the simplest resultant condensate (hereinafter 
termed condeansate (K)) comprises an average of either one 
carbonate group or carbamoyl group and more than one OH 
group or one OH gjoup and more than one carbonate group 
or carbamoyl group. The simplest structure of the conden- 
sate (K) composed of a carbonate (A) and a di- or polyal- 
cobol (B) here results in the arrangement XY„ or Y,jX, where 
X is a carbonate group, Y is a hydroxy group, and n is 
generally a number from 1 to 6, preferably from 1 to 4, 
particularly preferably from 1 to 3. The reactive group which 
is the single resultant group here is generally termed "focal 
group" below. 

[0101] By way of example, if dming the preparation of the 
simplest condensalB (K) from a carbonate and a dihydric 
alcohol fliB reaction ratio is 1:1, the average result is a 
moleonla of XY tjfpo, fflnstratBd tiy flia eanecal fotrmuja 1. 
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[0102] During ibe preparation of tte condsnsate (K.) fiom 
a carbonate and a tifliydnc alcohol with, a reaction ratio of 
1:1,^ average result is a molecsule of XYj type, illnstrated 


[0106] If diiimctional compounds, e.g. a dicarboaate or a 
did, are also added to the components, this extends the 
chains, ae iihietrated by way of example in the general 
fiirmula 5. The average result is again a irtolecule of XYj 
type, a catfaonate group fadng focal group. 


II ^\ -EOH 


[0104] Rintfaefonnulae l-ShasthedeGnitiongiveaatfhe 
outset, and is an aliphatic or aromatic radical. 

[OlflS] The condensate (K) may, by way of example, also 
be prepared trom a carbonate and a trihydric alcohol, as 
illustrated by the general formula 4, the molar reaction ratio 
being 2:1. Here, the average result is a molecole of X^Y 
type, an OH group being focal group here. In formula 4, R 
and are as defined in formulae 1-3. 


0 <y^^o—i?-i 


[0103] During the preparation of the condensate (K) from 
a carbonate and a tetrahydric alcohol, likewise with the 
reaction ratio 1:1, the average result is a molecule of XY, 
type, illustrated by the general formula 3 . A carbonate group 
is focal group here. 


[0108] It is also possible to use two or more condensates 
(K) for the synthesis. Firstly, two or more alcohols and, 
respectively, two or more carbonates may be used here. 
Furthermore, mixtures of various condensates of dilferent 
stmcture can be obtained via the selection of Ihe rdtio of Ike 
alcohols used and of the carbonates and, respectively, the 

phosgenes. This will be illustrated taking the csamplc of tlic 
reaction of a carbonate with a trihydric alcohol. If the 
starting materials are used m a ratio of 1 :1, as illustrated in 
(11), the product is anXY2 molecule. If the starting materials 
are used in a ratio of 2: 1 , as illustrated m (IV), the product 
is an XjY molecule. If the ratio is between 1:1 and 2:1 the 
product is a mixture of XY, and X^Y molecules. 

[0109] According to the invention, the simple condensates 
(K) described by way of example in the formulae 1-5 
preferentially react intermolecularly to form high-ftmction- 
ality polycondensates, hereinafter termed polycondensatos 
(P). lie reaction to give the condensate (K) and to give the 
polycondensate (P) usually takes place at a temperattire of 
Irom 0 to 250° C, preferably trom SO ra 1 60° C, in bulk or 
in solution. Use may generally be made here of any of the 
solvraits which are inert with respect to the respective 
{Starting materials. Preference is given to use of organic 
solvmts, e.g. decane, dodecane. benyene, tohiene, ehln- 
robenzene, xylene, dimethylformamide, dimethylacetaroide, 


us 2008/0015303 Al 


7 


Jan. 17, 2008 


alcohol ROH liberated during flie leaction can he removed 
by diBtillation from tiie reacfioii equilibrium to accelerate the 
reaction, if appropriate at reduced pressure. 
[0111] If removal by distillation is intended, it is generally 
advisable to use those carbonates which liberate alcohols 
ROH with a boiling point below 1 40° C. during the reaction. 

[0112] Catalysts or catalyst mixtures may also be added to 
accelerate the reaction. Suitable catalysts are compounds 
which catalyze esterification or transesterilication reactions, 
e.g. alkali melal hydroxides, atkali meiai cdrbunales, alkali 
metal hydrogencarbonates, preferably of sodium, of potas- 
sium, or of cesitmi, tertiary amines, guanidmes, ammonium 
compounds, phosphonium compounds, otganoaltunhwm, 
organotm, organozinc, organotitanium, organozirconiimi, or 
organobismufh compoimds, or else what are known as 
dotjble metal cyanide (DMC) catalysts, e.g. as described m 
DB 10138216 or DB 10147712. 

[0113] It is preferable to <Jte potawiiTO hydroxide, potac- 
sium cartionate, potassium hydrogeacarbonate, diazabicy- 
clooctane (DABCO), diazabicyclononer» (DBN), diazalii- 
cyclovmdecene (DBU), imidazoles, such as imidazole, 
1-methyIimldazole, or 1,2-dimethyliinidaEole, titanium tet- 
rabutoxide, titanium tetraisopropoxide, dibutyltin oxide, 
dibutvltm dilaurate, stannous dioctoate, zirconium acetylac- 
elonale, or mixtures thereof. 

[0114] The amount of catalyst generally added is from 50 
to 1 0 000 ppm by weight, prefaably from 1 00 to 5000 ppm 
by wedght, based aa flie amount of the alcohol mixture or 
aleotl>ol used. 

[0115] It is also possible to cotttml tbe intenndleculat 
poIycosdensatioQ reaction via addition of ibe suitaUe cata- 
lyst or else via selection of a suitable temperature. The 
average molecular weight of the polymer (P) may moreover 
be adjusted by way of the composition of tire starting 
components and by way of the residence lime. 

[0116] The condensates (K) and the polycoadensates (P) 
prepared at an elevated temperature are usually stable at 
room temperature for a relatively long period. 
[0117] The nature of the condensates (K) pennits poly- 
condensates (P) with different structures to result from the 
condensation reaction, these havmg branching but no 
crosslinking. Fnrthemiore, in the ideal case, the polycon- 
daisates (P) have either one carbonate group as fiocal gronp 
and more than two OH groups or edse one OH group as ibcal 
group and more than two carbonate groups. The number of 
&s reactive groups here is the result of the nature of fire 

coudeusates (K) used aud the degree of polycoudcnsatioil. 

[0118] Byway of example, a condensate (&) according to 
the general formula 2 can react via triple intennolecular 
condensation to ^ve two cKfferent polycandeusates (F), 
represented in the general ftumdae 6 and 7. 




[0119] Infanimlaea!id7,RandR'aieasdefiuedabove. 
[0120] There are various ways of tenninBting the inter- 
molecolar polycondeosation reactian. By way of example, 
tiie tempetaiture may be lowered to a rang^ where the 
reaction stops and the ptrodnct ^) or the pdycondensate (P) 
is storage-stable. 

[0121] It is also possible to deactivate the catalyst, for 
example in &s case of basic catalyste via addition of Lewis 
acids or protonic acids. 

[0122] Tn another embodiment, as soon as the intermo- 
lecular reaction of the condensate (K) has produced a 
polycondensate (?) with the desired degree of polyconden- 
sation, a product having groups reactive toward the focal 
group of (P) may be added to the product (?) to tenninate Uie 
reacdotL For example, in tlie case of a carbonate group as 
focal group, by way of exan^le, a mono-, di-, or polyamine 
may be added. In tire case of a hydroxy group as focal group, 
by way of example, a mono-, di-, or polyisocyanate, or a 

which reacts with OH groups, can be added to fire product 
(P). 

[0123] The JnventlvE Mgh-functioaality polycarbonates 
are mostly prepared in the pressure range from 0.1 mbar to 
20 bar, pre&tably at fiom 1 mbar to 5 bar, hi reactors or 
reactor cascades which are operated batchwise, semicon- 

[0124] The utveQlive products can be Airther processed 
without further purification alter thdr preparation by vktue 
of the abovementioned adjustment of the reaction conditions 

flfld, if appropriate, by virtue of tiie selection of the suitable 

[0125] In another preferred embodunent, the product is 
stripped, i.e. feed ftom low-jnolecular-weight, vohitile 
ocanpounds. For fMe, once fhs deeated degree of convsrsion 
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has been achieved Ifae cetaJyst can optionally be deactivated 
and ibe low-molecular-weight volatile conetituanlB, o.g. 
uiionoalcohDls, phenols, carbonates, hydrogen chloride, or 
high-volalility oligamere or cyclic compoimds can be 
removed by distillation, if aj^propriafe with introduction of 
a gas, preferably nitrogen, carboii dioxide, or air, if appro- 
priate at reduced pressure. 

[0126] In another preferred embodimextt, the mventive 
polycarbonates may acquire other tunctianal groups besides 
the functional groups acquired by virtue of the reaction. The 
fuuctioualizatiou may take place dntiiig the process to 
increase mokcnlar weight, or else subsequentiy, i.e. after 
completion of the actual polycondensation. 
[0127] prior to or during the piooess to increase 
molectdar wei^t, componeiits ate added which have other 
fimctioiial groi^ or ibnctional elements besides hydroxy or 
carbonaite groups, die result is a polycarbonate polymer with 
randomly distributed functionalities otber than the catbonate 

[0128] Effects of this type can, by way of example, be 
achieved via additicm, during the polycondensation, of com- 
pounds which bear otho- fiinctional groups or flmctional 

dements, such as mciicapto groups, piimaiy, sewuudmy ui 

tratiaiy amino groups, ether groups, derivatives of carboxy- 
Kc adds, derivatives of sulfonic acids, derivatives of phos- 
phonie acids, silane groups, siloxane groups, atyl radicals, or 
long-chain alkyl radicals, besides hydroxy groups, carbonate 
groups or carbamoyl groups . Examples of compounds which 
may be used for modiiicatioii by means of carbamate groups 
are etlianolainine, prapanolamine, isopropanolamine, 2-(bii- 
tylamino)ethaaol, 2-(cyclohexylamino)ethanol, 2-amino-l- 
butauol, 2-(2'-i«xiiuoeliiu«.y)eUjiuiul ur higher alkuxylatlun 
products of ammonia, 4-hydroxypiperidine, l-hydroxyeth- 
ylpiperazine, diedianolamine, dipropanolamine, diisopro- 
panolamine, tris(Tiydroxymefhyl)-aminometlKuie, tris(hy- 
droxyethyl)aminomefhane, ethylenecKamine, 
pKipylenediamine, hfixamethylenediamine orisophoronedi- 

[0129] An example of a compound which can be used for 
modiBcation with mercapto groups is mercaptoethanol. By 
Way of example, tertiary amino groiips can be produced via 
incorporation of N-methyldiethanolamiiie, N-metfayldipro- 
panolamine or N,N-dimethylethanolamine. By wsy of 
example, ether groups may be generated via co-condensa- 
tion of dibydric or polyhydric polyettierols. Long-chain 
alkyl radicals cati be introduced via reaction with long-chain 
altanediols, and reactian with alkyl or aiyl diisocyanates 
generates polycarbonates having edl^l, eiyl, and urethane 
gmnps or having urea grouiw. 

[0130] Addition of dicarboxylic acids or tricarboxylic 
acids, or, for example, dimethyi terepllllialate, or tricarboxy- 
lic esters can produce ester groups. 

[0131] Subsequent Itmctionalization can be acliieved by 
using an additional step of the process (step c)) to react the 
resultant high-iunctionaiity bi^iiy branched, or high-fimc- 
tionality hyperbranched polycarbonate with a suitable func- 

ticinalizing rengent ■which cm react with the OH and/or 

carbonate groups or carbamoyl groups of the polycarbonate. 

[0132] By way of example, high-fiinctionality highly 
branched, or hi^-fiinctiooaijty hypa^n-aoched poiycarbon- 


Hati of molecules cou^rising add groiips or comprisii^ 
isocyanats gronps. By way of axample, polyonAonatw 
comprising acid groups can be obtained via reaction wilh 
compounds comprising anhydride groups. 

[0133] High-functionality polycarbonates comprismg 
hydroxy groups may moreover also be converted into high- 
fijnctionality polycarbonate polyether polyols via reaction 
with alkylene oxides, e.g. ethylene oxide, ptopylene oxide, 
or batylene oxide. 

[0134] A great advantage of the protcss is its eust-eJTeL- 

tiveofiss. Both the reaction to give a condensate (K) or 
polycondraisate (P) and also the reaction of (K) or (P) to give 
polycarbonates with otlia- fimctional groups or elements can 
take place in one reactor, tiiis bedng adyantageons techni- 
cally and in tenns of oost-e%ctivenesa, 

[0135] The inventive molding compositiaBS may com- 
prise, as component B2), at least one hyperbranched poly- 
ester of AxBy tj^ where 

X is at least 1.1, preferably at le^ 13, in particular at least 


y is at least 2.1, prefraably at least 2.5, in particular at least 
3. 

[0136] Usemay alsobemadeofmixturesasunitsAaild/or 
B, of course. 

[0137] An A„By-typo polyostcr is a condensate composed 
of an x-ftmctionail molecule A and a y-fiiiKdonal molecule 
B. By wsy of exen^e, mention may be made of a polyestec 
composed of adipic acid as molecule A (x-2) and g^tycerol 
as molecule B (y=3). 

[0138] For tlie jmrposes of this inveutian, Iq^etbtanched 
polyesters B2) are noncrosslinked macromolecule» having 
hydroay groups and carlxjxy groups, these having both 
stmctmal and molecular nonunifoimity. Theii stmctuie may 
firstly be based on a central molecule in the same way as 
dendrimers, hot with noimniform chain length of ibe 
branches. Secondly, they may also have a Imear structure 
with functional pendant groups, or else they may combine 

portions. See also P. J. Flory, J. Am. Chem. Soc. 19S2, 74, 
271 8, and H. Frey et al., Chem. Bur. J. 2000, 6, no. 14, 2499 
ibr the definition cf dendrimeric and hyperbianched poly- 

[0139] "Hyperbranched" in the context of the pteseirt 
invention means that the degree of branching (DB), i.e. the 
average number of dendritic linkages plus the average 
number of end eioups per molecule, is ftom 10 tn 99.9K,, 
preferably from 20 to 99%, particularly prefaably fiom 20 
to 95%. 

[0140] "Dendrimeric" in the context of 4e present inven- 
tinn ■me;iTis that fbe degme nf brandling is from Q0_9 to 
100%. See H. Frey et al., Ada Polym. 1997, 48, 30 for tlie 
definition of "degree of blanching". 

[0141] Component 82) preferably has an M„ of fix)m 300 
to 30 000 g/mol, in particular from 400 to 25 000 g/mol, and 

very particularly from 500 to 20 000 g/mol, determhied by 
means of GPC, PMNIA standard, dimethylacetamide eluent. 

[0142] B2) preferably has an OH number of from 0 to 600 
mg KOH/g of polyeeter, ptsfinstjly of fiom 1 to 500 mg 
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KOB/g of polyester, in paificular fiom 20 to SOO mg KOH/g 
of tioljF«wt« to DIN 53340, and prafenjUy a CXX}H unmJbef 
of from 0 to 600 mg KOH/g of polyesta; preferably ftom 1 
to SOO mg KOH/g of polyester, and in particular fiom 2 to 
500 mg KOH/g of polyester. 

[0143] The Tg is preferably from -50° C. to 140° C, and 
in particular fiom -50 to 100° C. (by means of DSC, to DIN 
53765). 

[0144] Preference is parlicularJy given to those compo- 

ncats D2) in wbich at least one OH or COOtl number is 

greater than 0, preferably greater than 0.1, and in particular 
greater than 0.5. 

[0145] The inventiva compoiient B2) is in particular 
obtainable via tbc processes described bdow, inter alia by 

reacting 

[0146] (a) one or more dicaiboxylic acids or one ormote 
derivatives of the same with one or mrare at least tiihydric 
idccitiolE 

or 

[0147] (b) one or more tricarboxylic adds or higher poly- 

witii one or more diols 

m the presence of a solvent and optionally in the presence of 
an inorganic, oiganometallic, or low-molecuiar-weiglit 
organic catalyst, or of an enzyme. Tiie reaction in solvent is 

[0148] For the purposes of the present mvention, high- 
functionality hyperbranched polyesters B2) have molecular 

mity distingjiishes than itom deudrimss, and they can 
therefore be prepaid at considoably lower cost 
[0149] Among file dicarboxylic acids which can be reacted 
according to variant (a) are, 1^ way of example, oxalic acid, 
malonic acid, succinic acid, glutaric acid, adipic acid, 
pimelic acid, suberic acid, azelaic acid, sebacic acid, unde- 
cane-a.to-dicarboxylic acid, dodecane-a,ci)-dicart>oxylic 
acid, cis- and tranE-cyck)hexane-l,2-dic;Effboxylic acid, cie- 
and trans-cyclohexane-l,3-dicaiboxyliG acid, ds- andtians- 
cyclohexane-l,4-dicarboxy]ic acid, cis- and tians-cyclopen- 
tane-l,2-dicarboxylic acid, and cis- andtram-cydoptaitane- 
l,3-dicarbo5cylic acid, 

[0150] and the abovementioned dicarboxylic acids may 
have substitution by one or more radicals selected from 
[0151] Ci-Cio-alkyl groups, such as metlq'], ethyl, n-pio- 
pyl, SBC^iDpyl, n-butyl, ieobulyl, eac-butyl, tort -butyl, n-pcm- 
tyl, isopentyl, sec-pentyl, neopeotyl, 1,2-dimetliylpnipyl, 
isoaniyl, n-hexyl, isohexyl, sec-hexyl, n-heptyl, isdheptyl, 
n-octyl, 2-ediylhexyl, n-ncmyl, and n-decyl, 
[01E3] C3 oi'^loallcyl groups, suoh as oysloptopyl, 
cyiJobutyl, cydopenlyl, cyclohexyl, cyclcheptyl, cydoQC- 
tyl, cydononyl, cyclodecyl, cycloimdecyl, and cyclodode- 
cyl; preference is given to C3n;lopaity], cycldiexyl, and 
cydoheptyl; 

[01S3] aUcylene groups, such as methylene or ethylidene. 


[01S4] Cs-Cj4-aryl groups, sudi as pboiyl, l-naphtfayl, 
2 napb^yU l-ontibjcyl, 2-aatihiyl, P-onduyl, l-pbcaanlbiyl. 


2-'pheiianfhryl, S-phsnauthryl, 4-pbBiiaiiSiryl, and 9-phe9iaa- 
fbxyi, preferably phenyl, l-mq>hthyl, and 2'.napli11iyl, ^ax- 
licularly preferably phenyl, 

[0155] Examples which may be mentioned of representa- 
tives of substimted dicarboxylic acids are: 2-methylmalonic 
acid, 2-ethylmalonic acid, 2-phenyknalonic acid, 2-methyl- 
succinic acid, 2-ethylsuccinjc acid, 2-phEnylsuccimc acid, 
itaconic acid, 3,3-dimethylglutaric acid. 

[01S6] Among the dicarboxylic acids which canbe reacted 

according to variant (a) are also ethylenically unsaturated 
adds, such as maldc acid and iumaiic add, and aromatic 
dicarboxylic acids, sudi as phflielic add, isophthalic acid or 
terephthaUc add. 

[0157] It is also possible to use mixtures of two or more of 
fte abovementioned representative eompotmds. 

[0158] The dicarboxylic adds may dther be used as Uicy 
stand or be used in the feim of derivatives. 

[015?] Derivatives ate preferably 

C0160] the relevant anh]nitides in monomedc or else 
polymeric form, 

[0161] mono- or dialkyi eaters, preferably mono- or 
dimefiiyl esters, ortheooxresponding mono- or dietl]y] 

estsiE, or elee tfas mono- and diall^l eet«s derivad fiom 
higher alcohols, such as a~pn>panol, isopropanol, n-bn- 
tanol, isobutanol, tert-butanol, n-pentanol, n-he(Xaiiol, 

[0162] and also mono- and divinyl esters, and 

[0163] mixed esters, preferably methyl ethyl esters. 

[0164] In the preferred preparation process it is also pos- 
sible to use a mixture composed of a dicarboxylic acid and 
one or more of its derivatives. Equally, it is possible to use 
a mixture of two or more different detivati ves of one or more 
dicarboxylic acids. 

[0165] It is particularly preferable to use succinic acid, 
glutaric acid, adipic acid, phthalic acid, isophthalic acid, 
lerephthalic acid, or the mono- or dimethyl ester thereof It 
is very particularly preferable to use adipic acid. 

[0166] Examples of at least trihydric alcohols which may 
be reacted are: glycerol, butane-l,2,4-triol, n-pen1ane-l,2,5- 
triol, n-pentane-l,3,5-triol, n-hexane-l,2,6-triol, n-hexane- 
1,2,5-triol, n-hexane-l,3,6-triol, trimethylolbulane, trim- 
efhylolpropane or ditrimelhylolpropane, trimBthylolefhane, 
pcntacty^ritol or dipcntaccytiiritDl; sugm' oknliols, such as 

the above at least trihydric alcohols. It is preferable to use 
glycerol, trimettiylolpropane, trimethylolethane, and pen- 
taerytbritol. 

[0167] Examples of tricarboxylic acids or polycarboxylic 
adds which can be reacted according to variant (b) are 
ba!zaie-l,2,4-tricarboxylic acid, benzene- 1,3,5-tricarboxy- 

[0168] Tricarboxylic acids or polycarboxylic adds may be 
used in lbs inventive reaction either as they stand or else in 
fhc form of dcrivativca. 
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[0169] Derivatives are pnefeiaUy 

[0170] the relevant anhydrides in monomedc or else 
polymaric fonn, 

[0171] nuu}-, di-, or triidkyl estas, tneferably mono-, 

or trielhy] estws, or else the mono-, di-, airi triesters 

derived fiom higbier alcohols, such as n-propanol, iso- 
propanol, n-butanol, isobutanol, tert-butanol, n-pea- 
tanol, n-hexanol, or else mono-, di-, or trivinyi esters 

[0172] end mixed methyl e^hyl esters. 

[0173] For Ihe purposes of the present invention, it is also 
possible to use a mixtuie composed of a tii- or pdycaiboxy- 
lic acdd and one or more of its derivatives. For the purposes 
of &e present invention it is likewise possible to ise a 
mixture of two or more different derivatives of one or more 
bri- or polycarhoxylic acids, in order to obtain componait 
B2). 

[0174] Examples of diole used for variant (b) of the 
present invaitian are ethylene glycol, prDpane-l,2-djol, pro- 
pa[ie-l,3^cl, butane-li-diol, butane-l,3-diol, butane-M- 
diol, butaue-2,3-diol, pQiitaiie-l,2-diol, pomlaxw 1,3 diol^ 
pentaae-l,4-diol, petrtane-l,5-dicil, pentane-23-diol, pen- 
1ane-2,4-diol, bexane-l,2-diol, hexane-l^-diol, hexane-1,4- 
diol, hexane-l,5-diol, hexane-l,6-diol, hexane-2,5-diol, 
beptane-l,2-dioi, 1,7-heptanediol, 1,8-octanediol, 1,2-oc- 
tanediol, 1 ,9-noiiaDediol, 1,10-decanediol, 1,2-decanediol, 
1,12-dodecanediol, l,2-dodecane(£ol, l,5-hexadieae-3,4- 
diol, eyclopentanediols, cyclohexanediols, inositol and 
derivatives, (2)-mstiiylpentane-2,4-diol, 2,4-dimethylpen- 
tiaic-2,4-djol, 2-cthy31u3umc-l,3-<£o], 2,S-dime1iiy)hcxaae- 
2,5-diol, 2,2,4-trimefliylpentaae-l,3-diol, pinacol, diethyl- 
ene glycol, tnethylene glycol, dipropylene glycol, 
triprqpytene glycol, polyethylene glycols 
HOCCHjCHjO)^— H or polyplopylene glycols HO(CH 
[CH3]CH20)„— H or mixtures of two or more represeistative 
compounds of the above compoiuads, where n is a whole 
□umber oud a^irom 4 to 25. One, or else both, hydroxy 
groups here in the abovementioned diols may also be 
suljstitiitcd by SII groups. Prciaxax is given to ethylono 
glycol, prDpane-l,2-diol, and dietbylene ^col, trietbylene 
glycol, dipropylene glycol, and tiipropykne glycol. 

[0175] The molar ratio oftlie molecules A to molecules B 
in the A^B^ palyest^r in the vaiianta (a) and (b) is fiom 4: 1 
to 1:4, in particular &am 2:1 to 1:2. 

[0176] The at least trihydiic alcohols reacted according to 
variant (a) of flie process may have l^oxy groups of whkh 
all have Identical reacdvtty. Preference is also given here to 
at least trihydric alcohols whose OH groups initiaUy have 
identical reactivity, bnt where reaction with at least one acid 
group can mduce a fall-off in reactivity of the remaining OH 
groups as a result of steric or electronic effects. By way of 
example, this applies when trimethylolpropane or pen- 
taerythiitol is used. 

[0177] However, the at least trihydric alcohols reacted 
nrrrnvting tn varinnt (n) mny a!an havH ViyHmxy gimipK 

having at least two different chemical reactivities. 

[0178] The different reactivity of the functional groups 
here msy either derive liran chemical causes (e.g. pfimaty/ 
eecondary/tertiacy OH Broup) or &om staric causes. 


[0179] By wayofexan9le,thetriolmay CQinpriseatriod 
which has primaiy and Gsocmdaiy hydroxy groupe, prefened 
exan^le bdng glycerol. 

[0180] When the inventive reaction is carried out accotd- 
irig to variant (a), it is preferable to operate in the absence 
of diols and munolQrdric alcohols. 

[0181] When the inventive reaction is carried out accord- 
ing to variant (b), it is preferable to operate in the absence 
of mono- or dioarboxylic acids. 

[0182] The inventive process is carried out in the presence 
of a solvent. Examples of suitable compounds are hydro- 
carbons, such as parafSns or aromatics. Particularly suitable 
parafSns are n-beptane and cyclohexane. Particularly suit- 
able aromatics aretdlnene, ordio-xylene, meta-xylene, pata- 
xylene, xylene in the form of an isomer mixture, ethylben- 
zene, cMorobeiizeae and oriho- and meta-dichlorDbenzene. 
Odier very particularly suitable solvents in the absence of 
acidic catalysts are: ethers, such as dloxane or letral^diD- 
finan, and ketones, such as methyl ^yl fcetone and methyl 
isobutyl kdone. 

[0183] According to the invention, the amount of solvent 
added is at least 0. 1% by weight, hased on the weight of the 
starting materials used and to be reacted, preferably at least 
1% by weight, and particularly pieferably at least 10% by 
weight. It is also possible to use excesses of solvent, based 

on the w^glrt of etarting moterialo used and to reootod, 

e.g. from 1.01 to 10 times die amount. Solvent amounts of 
more than 100 times the weight of the starting materials used 
and to be reacted are not advantageous, because the reaction 
rate reduces markedly at markedly lower concentrations of 
the reactants, giving unecouomically long reaction times. 

[0184] To carry out die process preferred according to the 
inventian, opetstioas may be carried out in the presence of 
a detiydrating agent as additive, added at die start of the 
reaction. Suitable examples are molecular sieves, m particu- 
lar 4 A moleculBr sieve, MgSO^, sod Ha^^. Dniing the 
reaction it is also possible to add further ddtydtating agent 
or to replace debj^ting agent by fresh dehydrating agent. 
During Hie reactkm It Is also possible to remove the water or 
alcohol fcamed by distillation and, for example, to use a 
wat^ s^nrator. 

[0185] The process may be carried out in the absence of 
acidic catalysts. It is preferable to operate an tlie presence of 
an acidic inorganic, organometallic, or organic catalyst, or a 
miidine composed of two or more acidic inoiganfa^ orga- 
nometallic, or organic catalysts. 

[0186] tor the purposes of the present invention, examples 
of acidic iuorgaaic catalysts are sulfiiric acid, phosphoric 
acid, phospiioiiic acid, hypopliosphorous acid, aluminum 
sulfate hydrate, alum, acidic silica gel (pH-6, in particular 
=3), and acidic aluminum oxide. Examples of other com- 
pounds which can be used as acidic inorganic catalysts are 
almmnum conqxiunds of the general formula A1(0R)3 and 
titanates of the genraal formula Ti(OR)4, where each of the 
radicals R may be identical or different and is selected 
indepMdently of the otfaras fiom 

[0187] Cj-Cio-alkyl radicals, such as methyl, ethyl, n-pro- 
pyl, isopropyi, n-bntyl, isobutyl, sec-butyl, lert-butyl, n-pen- 
lyl, ieopeat^, sec-pentyl, neopentyl, l,2^1imeeliy]piapyl, 
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isoamyl, n-hexyl, isohexyl, sec-he)!yl, n-heptyl, isoheptyl, 
n-oetyl, 2-ediylliexyl, n-nouyl, and n-decyl, 

[0188] Cj-Cij-cycloalkyl radicals, such as cyclopiopyl, 
cyclobutyl, cyolopentyl, cycloitexyl, cycldheptyl, cyelooe- 
ly], cyclonBiiyl, cyclodecyl, cycloundecyl, and cydodode- 
cyl; preference is given to cyclopentyl, cycloliexyl, and 
cycloheptyl. 

[0189] Each of Ihe radicals R in Al(OR)3 or Ti(pR)^ is 
preferably identical and selected fiom isopiopyl or 2-ettiyl- 

[M96] Examples of preferred acidic organometaUic cata- 
lysts ate selected ftom dialkyltin oxides R,SiiO, where R is 
deSned as above. A particularly preferred representative 
compound for oradic oigpnometallic catalysts is di n butyl 
tin oxide, which is commercially available as "oxo-tin", or 
di-n-butyltin dilaurate, 

[0191] Prefened acidic oiganic catalysts are acidic organic 

compomidB having, by way of example, pliosphzitc groups, 
sulfonic acid groups, sulfate groups, or phosphonic acid 
groups. Particular preference is given to sulfonic acids, such 
as paia-toluenesulfonic acid. Acidic ion exchangers may 
also be used as acidic organic catalysts, e.g. polystyrene 
resins comprising sulfonic acid groins and crosslinked with 
about 2 mol % of divinylbenzene. 
[0192] It is also possible to use coBibinations of two or 
moie of the abovementioned catalysts. It is also possible to 
use an immobilized form of those oiganic or argauametallic, 
or else boig^c catatysts which take Ibe form of disciete 
molecnles. 

[0193] If the intention is to tise acidic iooreanic. organo- 
metallic, or organic catalysts, according to the mveudon the 
amount used is &om 0.1 to 10% by weight, preferably from 
0.2 to 2% by weight, of catalyst. 
[0194] The inventive process is carried out under mert gas, 
e.g. under carbon dioxide, nitrogen, or a noble gas, among 
which naentioix may particularly be made of argon. 
[0195] Ihe inventive process is carried out at temperatures 
of ftom fiO to 200° C. It is preferable to operate at tempem- 
tnres of from 130 to 180° C, in particular up to 150° C, or 
below that temperature. Maximum temperatures up to 145° 
C. are particularly preferred, and temperatures 19 to 135° C. 
are very particularly prefeired. 

[0196] The pressure conditions for the inventhre process 
are not critical per se. It is possible to operate at markedly 
reduced prssure, e.g. at from ID to 500 ihbar. The inventive 
process may also be carried out at preranres above 500 mbar. 
Areactionat aimospneric pressure is preferred for reasons of 
simplicity; however, conduct at sliglitly increased pressure is 
also passible, e.g. up to 1200 mbar. It is also possible to 
operate at markedly increased pressure, e.g. at pressures up 
tct 10 har. Rearfinn at atmnspheric pTiessiire la prefeiTBd. 

[0197] The reaction time for the invaitive pirocess is 
usua% Irom 10 minutes to 25 hours, preG»afaly fiom 30 
minutes to 10 hours, and patticnlarly prefa-ably Ikm one to 

8 Hours. 

[0198] Once the reaction has ended, the high-fimctionality 
hyperbianched polyesters can easily be isolated, e.g. by 
removing the catalyst by tiltralion and conceaitrating Ihe 


ried out at reduced pressure. OQier woik-up methods wiSi 
good soitsbility ais piecipittition after addition of watei^ 
followed by wasWng and drymg. 

[0199] Component B2) can also be prepared in the pres- 
ence of enzymes or decomposition products of en2ynies 
(according to DE-A 101 63163). For the puiposee of the 
present invention, the term acidic organic catalysts does not 
include the dicarboxylic acids reacted according to the 
mveution, 

[0200] It is preferable to use lipases or cstcrnscs. Lipases 

and esterases with good suitability are Candida cylindracea, 
Candida Upolytica, Candida rugosa, Candida antarctica, 
Candida utilis, Ckromobacterium viscosum, Geolrichum 
viscosum, Geotrichum candidum, Mucor javanicus, Mucor 
mihei, pig pancreas, pseudomonas spp., pseudomoms ftuo- 
rescetis, Pseudomcmas cepacia, Rkizopus arrhizus, Rhizo- 
pus ddemar, Rklzopas niveus, Rhizopus oryzae, Aspergttlui 
niger, PenicilUum roqurfordi, Pemcillium camembertii, or 
esiteiwjes fruuL BuclUvs spp. hibI Bucilhts Ihtsnnu^htcusiiia- 
sius. Candida antarctica lipase B is particulai^y pre&ared. 
The enzymes hsted are commercially available, for example 
from Novozymes Biotech Inc., Deiunark 
[0201] The enzyme is preferably used in Immobilized 
form, for exan^le on silica gel or Lewatit®. Ftooesses for 
immobilizing enzymes are known per se, e.g. fiom Kuit 
Faber, "Biotiansfoimalions in otgank chemisfry", 3id edi- 
tiim 1997, Springer Verlag, Chapter 3.2 "Immobilization" 
pp. 345-356. Immobilized eo^mes ate commercially avail- 
aMe, for example Imm Novosymes Bjotech Mc., Dannaik. 

[0202] The amoiuit of immolMlized ensgme used is fiom 

0.1 to 20% by weight, in particular fiom. 10 to 15% by 
weight, based on the total weight of the starting materials 
used and to be reacted. 

[0203] The inventive process is carried out at temperatures 
above 60° C. It is preferable to operate at temperatures of 
100° C. or below that temperature. Preference is given to 
temperatures up to 80° C, very particular preference is 
giv^ to temperatures of from 62 to 75° C, and still more 
preference is given to temperatures of from 65 to 75° C. 
[0204] The inventive process is carried out in the presence 
of a sotvettt. Examples of suitable compounds are hydro- 
carbons, such as paraffins or aromatics. Particularly suitable 
paraffins are n-heptane and cyclohexane. Particularly suit- 
able aromatics are toluene, ortho-xylene, meta-xylene, para- 
xylene, xylene in the form of an isomer mixture, ethylben- 
zene, chlorobenzene and ortho- and meta-dichlorobenzene. 
Other very particularly suitable solvents are: ethers, such as 
diujiaue or (elrdliydiufuriui, and kelunes, siiuli as melliyl 
ethyl ketone and methyl isobutyl ketone, 

[0205] The amount of solvent added is at least 5 parts by 
weight, based on the wei^t of the starting materials used 
and to he reacted, preferably at least 50 parts by weigM, ana 
particularly pieferahly at least 100 parts by weight. Amounts 
of more than 10 000 parts by weight of solvent are unde- 
sirable, because the reaction rate decreases markedly at 
maAedlylnwar mncentratitms, giving unennnnmirally long 

[0206] The invemive proce^ is carried out at pressures 
ahove 500 mbar. Preference is given to the reaction at 
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example at up to 1200 mbar. It is also possible to operate 
undsr taaAedly mcraased prwEiuw^ for oxample at |iioefiu»B 
up to 10 bar. The leaction at atmospheric pressure is 
preferred. 

[0207] The reaction time for the inventive process is 
usually from 4 hours to 6 days, preferably from 5 hours to 
S days, and particularly preferably from 8 hours to 4 days. 
[0208] Once the reaction has ended, tlie high-fimctionality 
hyperbranched polyesters can be isolated, e.g. by removing 

the enzyme by filtratioa and congciitlcitmg the uiixtmt, the 

concentration process here usually being carried out at 
reduced pressure. Other work-up methods with good suit- 
ability are precipitation after addition of water, followed by 
washing and drying, 

[0209] The high-iunctionality, hyperbranched polyesters 
obtainable by the inventive process feature particularly low 
contents of discolored and resinified material. For the defi- 
nition of hyperbranched polymers, see also: P. I. FInry. J. 
Am. Chem. Soc. 1952, 74, 2718, andA. Sunder et al., Chem. 
Eur. J. 2000, 6, no. 1, 1-8. However, in the context of the 
present invention, liigh-ftinctiaaality hyperbranched" 
means that the degree of branching, i.e. the average niuuber 
of dendritic lUtkages plus the average number of end groups 
per molecole is ftorn 10 to 99.9%, preferably from 20 to 
99%, particulariy pieferably ftam 30 to 90% (sec in this 
connection H. Frey eC al. Ada Mym, 1997, 48, 30), 
[WZIO] The inventive polyesters have a molar mass M„ of 
from 500 to 50 000 g/mol, preferably from 1000 to 20 000 
g/mol, particularly preferably from 1000 to 19 000 g/mol. 
The polydispersity is from 1 .2 to 50, preferably fiom 1.4 to 
40, particulsirly preleraUy from 1 .5 to 30, and very parfini- 
laiiy preferably finm 1.5 to 10. They are nsually veay 
sdublej i.e. dear sohidons can be prepared using i^ to 50% 
by weigjrt, in some cases even up to 80% by weight, of the 
inventive polyBsters in tstrahydroiiiian (THF), n-bntyl 
acetate, ^tianol, and ntimerous other solvents, with no gel 
particles detectable by the naked eye. 
[0211] The inventive high-fimctionality hyperbranched 
polyesters are carboxy-terminated, carboxy- and hydroxy- 
terminated, and preferably hydroxy-terminated. 

[0212] The ratios of the components Bl): B2) are prefer- 
ably ftom 1:20 to 20:1, in particular &om 1:15 to 15:1, and 
very particularly from 1:5 to 5:1 when used in a mixture. 
[0213] The inventive moldiitg contpositians may com- 
prise, as conipaneDt C), 0 to 60^ fay weight, in 
particular up to 50% by weight, of other additives and 
piDcessjnft aids, 

[0214] The inventive molding oon^sitions may com- 
prise, as component C), fiom 1 to 5000 ppm, pieferably 
finmlOto 1000 ppm, and in particular &om 50 to 500 ppm, 
of a Cuff) salt, pieferably of a Cufl) halide. in particular in 
a mixture with an alkaU metal halide, preferably KI. 

[0215] The monovalent copper salts used preferably com- 
prise copper(I) acetate, copper(I) chloride, copper(l) bro- 

spond to from 5 to 500 ppm of copper, preferably from 1 0 
to 250 ppm, based on polyamide. 

[0216] Hie advantageous {woperties are in particular 
obtainsd if the copper hae molecuLir dispetsion within tha 


polyamide. This is achieved by adding, to the molding 
oompositiaa, a conoamtrate <»m]p>ridt]g the polyoimde and 
comprising a monovalent coppa- salt and comprising an 
alkali metal halide in ihe form of a solid, homogeneous 
solution. By way of example, a typical concentrate is 
composed of from 79 to 95% by weight of polyamide and 
firom 21 to 5% by weight of a mixture composed of copper 
iodide or copper bromide and potassium iodide. The con- 
centration of copper in the solid homogeneous solution is 
preferably from 0.3 to 3% by weight, in particular from 0.5 
to 2% by weight, tascd on the total weight of the solution, 

and the molar ratio of copper(I) iodide to potassium iodide 
is from 1 to 11.5, pre&iably from 1 In 5. 

[0217] Suitable polyamides for the conceutiHte are 
homopolyamidca and copolyamides, in particular nylon-6 
and nylon-6,6. 

[0218] The inventive molding compositions may com- 
prise, as component C), from 0 to 5% by weight, preferably 
fiom 0.05 to 3% by weight, and ia pmtitulm hum 0. 1 lu 2% 
by weight, of at least one ester or amide of saturated or 
unsaturated aliphatic carboxylic acids having fiom 10 to 40, 
preferably from 16 to 22, carbon atoms with aliphatic 
saturated alchohols or amines having from 2 to 40. prefer- 
ably from 2 to 6, carbon atoms, 

[0219] The carboxylic acids may be monobasic or dibasic. 
Examples which may be mentioned are pelargouic acid, 
palmitic acid, latuic acid, margaiic add. dodecauedioic acid, 
bcbedc add, and particular]^ preferably stearic acid, capric 
acid, and also montanic add (a mixture of £>tty acids having 
&un 30 to 40 catbon atonui). 

[0220] The aliiOiBtic eUcoholE maiy be mono- to tetrahy- 
diic Bxanqplfis of alcohols ate n-botanol, n-octanol, steaiyl 
alcohol, ethylene glycol, propylene glycol, neopentyl glycol, 
peutaeiyduitol, preference being given to glycerol and pea- 
taerythntol. 

[0221] The aliphatic amines may be mono-, di- or tti- 
amines. Examples of these are steaiylamine, ethylenedi- 
amine, piopylenedianiine, benameA^lenediamiiie, dj(6- 
amindiexyl)afliune, particular preference being given to 
ethylenetUamlne and hexamethylenediamlne. Correspond- 
ingly, preferred esters or amides are glyceryl distearate, 
glyceryl fristearate, ethyieuediamine distearate, glyceiyl 
monopahnitate, glyceryl trilaurate, glyceryl monobehenate, 
and pentaeryttirityl tetrastearate. 

[0222] It is also possible to use mixtures of various esteis 
or amides, or esters with amides combiiied, the mixiog ratio 
here being as desired. 

[0223] Examples of amounts of other usual additives C) 
are up to 40% by weight, preferably up to 30% by wedght, 
of elastomeric polymers (also often tsnned impact modifi- 
ers, elastomers, or rubbers). 

[02Z4] rtffise ate very generally copolyma^ which have 
preferably been built up from at least two of the following 
monomers: ethylraie, propylene, butadiene, isobutene, iso- 
prene, chloroprene, vinyl acetate, styrene, acrylonitrile and 
acrj'lates and/or methaeryiates having iruin 1 Id 18 carbon 
atoms in tlie alcohol component 

[0225] Polymers ofthis type are described, for example, in 
Houben-Weyl, Methoden derottganischenChemie, Vbl. 14/1 

(Gaoie-Tfaiems-Verlas, Stutlgait, Gemiany, 1P«1), pagnB 
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392-406. and in the; 
ened PUwtieB'' (AjipBed 
1977). 


where to R' atehydrog^ or alkyl gioups having £oni I 
to 6 cmbon otomB, and m is a whole unmber from 0 to 30, 
g is a whole number fiom 0 to 10 and p is a whole nuniber 


[0227] Preferrcdtypesofsuch elastomers are those known 
as ett^rlene-propylene (EPM) and ebylraie-propylenB-dienB 
(EPDM) rubbers, 

[0338] BPM nitborG genBrally have praotically no reeidnal 
double bonds, whereas EPDM rubbers may have from 1 to 
20 double bonds per 100 carbon atoms. 

[0229] Exfflnplegwhtdbi may be mentioned of dieiemono- 
mers for EPDM rubbers are conjugated Uienss, sudi as 
isoprene and butadiene, non-conjugated dienes having from 
5 to 25 carbon atoms, such as lj4-pBntadiene, 1,4-heitadieiie, 
1,5-hexadiene, 2,5-dimethyl-l ,5-hexadiene and 1,4-ocladi- 
ene, cyclic dienes, such as cyclopentadiene, cyclobexa- 
dienes, cyclooctadienes and dicyclopentadi^, and also 
alkenyhorbomenes, such as 5-ethylidenc-2-nQAomene, 
5-butylidene-2-norbomeiie, 2-methaily]-5-norbomaie and 

2- isopropenyI-5-norbomene, and tricyclodiemes, such as 

3- ineitliy]ttlcyolo[3.2,1.0^'']-3,8-decadiene, and. mlxtunes of 
ttiese. Preferance is givento l,S-hexadiene, S-etfaylideaieiior- 
banume and dicyclopcaitadiene. The diene content of the 
BPDM rubbers is prefoably from 0.5 to 30% by weight, in 
particnIar-fVom 1 to R% by waigbt, hased nn ttia tntal weie^t 
of the rubber. 

[0230] EPM and EPDM rubbers may pjEfetably also have 
been grafted wi& reactive carboxylic adds or with deriva- 
tives of tiiBBo, Bxamplos of theae are aojyHc ooid, meth 
acrylic acid and derivatives thereof, e.g. g]ycidyl(mefli)acry- 
late, and also maieic anhydride. 

[0231] Copolymers of ethylene with acrylic acid and/or 
metiiacrylic acid and/or wiOi the esters of these acids are 
another group of preferred rubbers. The rubbers may also 
comprise dicarboxylic acids, such as maieic acid and 
fianarie acid, or derivatives of these acids, e.g, esters and 
anhydrides, and/or monomers comprising epoxy groups. 
These monomers comprising dicarboxylic acid derivatives 
or comprising epoxy groups are preferably incorporated into 
the rubber by adding to the monomer mixture monomers 
comprising dicarboxyhc acid grovips and/or epoxy groups 
and having ttie general formulae I, II, in or IV 


R'C(COOR^)=C(COOR')K' 



[0232] R' to are pre&rably hydrogen, where m is 0 or 
1 and g is 1. The conrespondiagcomixninds are maieic acid, 
iiimaric acid, maldc anhydride, aByl glycidyl ether and 
vinyl glycidyl ethers 

[0233] Preferred compounds of the formulae I, II and IV 
are maieic acid, maJeic anliydride and (metli)acryJates com- 
prisu^ epoxy groups, such as glycidyl acrylate and glycidyl 
methacrylate, and the esters with tertiary alcohols, such as 
lert-buty] actyiate. Although the latter have no free carhoxy 
groups, their behavior approximates to that of the free acids 
and th^ are therefore termed monomers with latent carboxy 


[0234] The copolymers are advantageously composed of 
from 50 to 96% by weight of ahyleos, from 0.1 to 20% by 
weight of monomers comprising epoxy groups and/or meth- 
acrylic acid and/or monomers comprising anhydride groups, 
the remaming amount being (meth)acrylates. 

[0235] Pardcnl^ pi^eronce is given to copolymers com- 


from 0.1 to 40% by weigjit, in particular from 0,3 to 20% by 
wei^t, of glycidyl acrylate and/or glycidyl methacrylate, 
(m^)acry]ic acid and/or roaleic anhydride, and 


[0238] The ethylene copolymers described above may be 

prepared by processes Imown per se, preferably by random 
copolymerization at high pressure and elevated temperature. 
Appropriate processes are well-known. 

[0239] Other preferred elastomers are emulsion polymers 
whose preparation is described, for example, by Blackley in 
ttie monograph "Emulsion Polymerization". The emulsifiers 
and catalysts which can be used are known per se. 

[0240] In principle it is possible to use homogeneously 
stmctured elastomers or else those with a shell structure. The 
shell-^pe structure is detetmined by the sequence of addi- 
tion of the individual monomers. The morphology of the 
polymers is also affected by this sequence of addition. 

[0241] Mbnomers which may be mentioned bene, merely 
as examples, for the preparation of the rubber fraction of the 
elast(BDers are acrylates, such as n-biityl acrylate and 2-efh- 
ylhexyl acrylate, correspondu^ mediaciyiates, butadiene 
and isoprene, and also miidiires of these. These monomers 
may be cqpolymerized with other monomers, such as sty- 
rene, aciylonitrile, vmyl ethers and with other acrylates or 
methaciylatEs, such as me&yl mdhaciylate, methyl acry- 
late, <^^1 acrylate or jpropyl aetylatc 
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[0242] The soft or rubber phase (with a glass transition 
temperature of below 0° C.) of the elastomers may be the 
core, the outer envelope or an intermediate shell (in the case 
of elastomers whose structure has more than two shells). 
Eiastomers having more than one shell may also have more 
than one shell composed of a rubber phase. 
[0243] If one or more hard components (with glass tran- 
sition temperatures above 20° C.) are involved, besides the 
rubber phase, in the structure of the elastomer, these are 
generally prepared by polymerizing, as principal monomers, 
styrene, acryloaitrile, methacrylonitrile, ot-metbylGtyrene, 
p-methylstyrene, or aciylafes or methacrylates, such as 
methyl acrylate, ethyl acrylate or methyl methacrylate. 
Besides these, it is also possible to use relatively small 
proportions of other comonomers. 

[0244] It has proven advantageous m some cases to use 
emulsion polymers which have reactive groups at their 
surfaces. Examples of groups of this (ype are epoxy, car- 
boxy, latent carboxy, amino and amide groups, and also 

functional groups which may be inhxidu&ed by canto mi taut 
use of monomers of the general fonnula 


[0245] R'° is hydrogen or C,-C4-alkyl, 

or Ci -Cg-oBcyl or myl, in pe 


[02S5] It is also possible to use the monomers known ai 
graft-linking monomers, i.e. mnromers having two nr mm 
polymerizable double bonds which react at different rates 
during the polymerization. Preference is given to the use of 
compounds of this type in which at least opr rpsii-tivp mniin 


polymerizes at about the same rate as the other monomers, 
while (he other reactive group (or reactive groups), for 
example, polymerize(s) significantly more slowly, the dif- 
ferent polymerization rates give rise to a certain proportion 
of unsaturated double bonds in the rubber. If another phase 
is then grafted onto a rubber of this type, at least some of the 
double bonds present m the rubber react with the graft 

^0 form chemical bonds, i.e. the phase grafted on 

some degree of chemical bonding to the graft 


[0256] Examples of graft-linking monomers of this type 
are monomers comprising allyl groups, in particular allyl 
esters of ethylenically unsaturated carboxylic acids, for 
example allyl alkylate, allyl methacrylate, diallyl maleate, 
dially] &marate and diallyl itaconate, and the corresponding 
monoaltyl compounds of these dicarboxylic acids. Besides 
tose there is a wixJe variety of other suitable graft-linking 
monomeis. For iiulbei details reference may be made here, 
for example, to U.S. Pat. No. 4,148,846. 
[02S7] The proportion of these crosslihking monomers in 
fte impact-modifying polymer is generally up to 5% by 
wdght, preferably not more tlian 3% by weight, based on the 
impact-modifying polymers. 

[0258] Some prrferred emulsion polymers are listed 
below. Mention may first be made here of grafi polymers 
with a coiB aiBl with at least one onta: shell, and having tbe 
following atiuctuie: 


Typo Monomeis for the coi 


[•250] YisO-ZorNH-Z,and 

[0151] Z IE Cj-Cn, alkylene or C^-Ci^ arylane. 


[0253] Otter examples which may be mentioned are acry- 
lamide, mefhacrylamide and substituted acrylates or metfa- 
acrylales, such as (N-tert-butylamina)ethyl methacrylate, 
(N,N-dimetbylaimno)efbyl acrylate, (N,N-dimethylami- 
uu)uieihyl acrylate and ^,N-diethylamino)ethyl acrylate. 
[0254] The particles of (he rubber phase may also have 
been crossKnked. Examples of crosslioking monomere are 
1,3-butadiene, divinylbenzene, diallyl phthalate and dihyd- 



[0259] Instead of graft polymers whose structure has more 
than one shell, it is also possible to use homogeneous, i.e. 
single-shell, elastomers composed of l^-butadiene, iso- 
prene and u-butyl acrylate or from copolymers of these. 
These products, too, may be jsepaied by concomitant use of 

[0260] Examples of preferred emulsion poljmieiB are 
n-biftyl aciyl^e-(metfa)aciylic add copolymeis, n-butyl 
acrylate-gJycidyl acrylate orn-butyl actylate-glycidyl medi- 
aciylate copolylners, graft polymers with an inner core 
composed of n-bntyl aciylale or based on butadiene and with 
Hn niiter envelope cnmposivl nf the. ahave~meniictnjed 
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copolymers, and copoiymers of efhylene with comonomers 

[0261] The elastomers described may also be prepared by 
other conventional processes, e.g. by suspeasion polymer- 
ization. 

[0262] Preference is also given Lu silicone rubbers, as 
described in DE-A 37 25 376, EP-A 235 690, DB-A 38 00 
603 and EP-A 31 9 290. 

[0263] It is, of course, also possible to use mixtuies of the 
types of rubber listed above 

[0264] FibroDS or particulate W.m C) which may be 
mentioned are carbon fibers, glass fibers, ^ass beads, amor- 
plious riliea, calcium silicate, calcium m^silicate, magne- 
sium carbonate, kaolin, chalk, powdered quartz, mica, 
barium sulfate and feldspar, used in amounts of up to 50% 
by weight, in particular up to 40% by weight. 
[0265] Preferred fibrous miers which may be mentioned 
are carbon fibers, aramidfib^s and potasEimntttanate fibers, 
and particular preference is given to glass fibers in the form 
of E glass. These may be used as rovings or in the coni- 
meicially available forms of chopped glass. 

[0266] The fibrous fillers may have been surface-pie- 
treated widi a silane compound to inq>rDve compatibility 
with the tbermoplBsljc. 

[tt267] Suitable silane coittpotmda have the genefnl fi>r- 


(X-{CHAlir-Si-CO-CJHj„,)4_t 
[0268] Xk 



[01269] n is a whole wcmbec from 2 to 10, preferably 3 to 
4. 

[0270] m is a whole mimber fi:om 1 to 5, preferably 1 to 


[0271] k is a whole number fltuu 1 to 3, preievably 1 . 

[0Z72] FrefenBd silune cumpuundo are luniiupiupyllri- 
medioxysilane, aminohutyftrimelhoxysilane^ aminopinpyl- 
trietho^silane and aminobutyltrieithoxyEilane, and also the 
corresponding sihmes whidi conqnise a glyci^l grotip as 

substituent X. 

[0273] The amounts of the silane compounds generally 
used for surface-coating are ftom 0.05 to 5% by weight, 
preferably from 0.5 to 1 .5% by weight and in particular fiom 
0,8 to 1% by weight (based on C). 
[0274] Acicnlar mineral flllas are also suitable. 
[0275] For the ptirposes of the invention, acicular minetal 
fillers are minerd QUas with strongly developed acicular 
character. An example is acicular wollastonite. The mineral 
preferably has an UD (letigth to diameter) ratio of from 8: 1 
to 35:1, preferably fiom 8:1 to 11:1. The minetaliiller may, 
if appropriate, have been pretreated with the abovemen- 
ticined silane CQnq>oumls, but the pretreatment is not essen- 
tial. 


[0276] Other fillens which may be mentioned are kaolin, 
calcined Iraolin, wollastonite, talc anH chalk, and also lamei. 
lar or acicular nanofilletrs, the amounts of these preferably 
being from 0.1 to 10%. Materials prefared for this purpose 
are boehmite, bentonite, montmorillonite, vermiculite, hec- 
torite, and laponite. The lamellar nanofiUers are organically 

ibiUty with the organic binder. Addition of the lamellar or 
acicular nanofiUers to the inventive nanocomposites gives a 
fijrthet increase in mechanical strength. 

[0277] As component C), the tharmoplastio molding com- 
positions of the invention may comprise usual processiug 
aids, such as stabilizers, oxidaition teterder s, agents to coim- 
teract decomposition due to heat and decomposition due to 
ultraviolet light, lubricants and mold-release agents, oolo- 
rants, such as dyes and pigments, imcleating agents, plasti- 
cizers, flame retardants, etc. 

[0278] Examples which may be mentioned of oxidation 
retarders and lieat stabilizers are sterically hindered phenols 

aromatic secondary amines, such as diphenylamines, vari- 
ous substituted members of these groups, and mixtures of 
tlicsc in concentrations of up to 1% by weight, based on the 
weight of the thermoplastic molding compositions. 
[0279] ITV stabilizers which may be mentioned, aad are 
genetally used ui amounts of up to 2% by weight, based on 
the molding composition, are variovis substituted tesorci- 
nols, salicylates, benzotriazoles, and bemopbraiones. 
[0280] Colorants which may be added are inorganic pig- 
ments, such as titanium dioxide, ultramarine blue, inm 
oxide, and carbon black, and also organic pigments, such as 
phtbalocyanines, quinacridones and peiylenes, and also 
d]rc9, Budl as xugrosinc and onthraquuionca. 

[0281] Nucleating agents which may he used are sodium 
phet]ylphoa|>hinale, alumina, silica, and pre&i^bly talc. 
[0282] Other lubricants and mold-ielease agents are usu- 
ally used in amounts of up to 1% by weight. Preterence is 
given to long-chain fatty acids (e.g. stearic add or behenic 
acid), salts of these (e.g. calcium stearate or zinc stearate) or 
montan waxes (mixtures of straight-chain saturated car- 
boxylic acids havine cham lengths of from 28 to 32 carbon 
atoms), or calcium montanate or sodium montanate, or 
low-molecular-weight polyethylene waxes or low-molecu- 
laT'Weight polypropylene waxes. 

[0283] Hie inventive thermoplastic molding compositions 
may be pre{)ated by methods known per se, by mixing the 
starting coDopaassHi in conventiooail mixing appatattis, such 
as screw extruders, Biabender mixers or Banbury mixeas, 
atxi then extruding them. The extmdate may then be cooled 

components and then to add the retiiaiiiing starting materials 
individually and/or likewise in a mixture. The mixing tem^ 
peratures are generally fi™n 230 to 320° C. 
[0284] Tn anotlier preferred procedni^ components B) 
and, if appropriate, C) may he mixed with a prepolymer, 
compounded, and pelleti2ed. The resultant peltets are thai 
solid-phase condensed under an inert gas, cantitiuously or 
batchwise, at a temperature below the melting point of 

The inveaitive thermoplastic molding compositions feature 
good flowability together with good mechanical properties. 
[0285] In parlict^, the individual components can be 

pzDcesBed withotat difiGoulty (without olmnping or oatdng) 
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and in short cycle tunes, so tbat a particular possible 
application thereof is thin-wall componaitB, 

[028$] ImpiDved-flow polyamides could be used in almost 
aaty injectioD-moldtntg appltcatjon. ItnpiDved flow allows 
lower melt temperature and can therefore lead to a mariced 
reduction in the overall cycle time fr>r injection molding 
(rediictiDn in piodoction costs for an injection moldiitg!). 
Fur&ennore, jlie injection pressures needed duiing process- 
ing are lowei^ thus requiring lower total locking force on ibe 
injection mold (less capital Bspendifure on the injection- 

molding madunt). 

[aZST] Alongside file in^rovemeate in the injectioD-mold-' 
ing process, lowering of melt viscosity can lead to signifi- 
cant advantages in actnal design of tiie component. For 
example, injection molding can be used to produce thin- 
walled applications wMcli, by way of exan^le, were not 
biteto capable of producdon using filled grades of polya- 
mide. Simjlady, by using grades of polyamide whidi are 
reinforced but relativesly fiiee-flowing could reduce wall 
dilcknesses In existing applications, and UierelbrB reduce 
component weigiht. 

[02S8] These materials are suitable for production of 
fibers, foils, or moldings of any type. Some exanipleg ate 

[02S9] Impioved-Sow polyamides can be used in fte 
electrical end electronics sector to produce plugs, plug 
con^wnents, plug conuectors, cable harness components, 

ciicuit mounts, ciicuit-mouut componetrtB, HirN-dimenraon- 
ally ingectipn-molded circuit mounts, eilectrical connector 
elements, or mechatrooic can^onents. 
[0290] Possible uses in automobile interiors are dash- 
boards, steetins-column switches, seat companmts, head- 
rests, center consoles, gearbox components, and door mod- 
ules, and possible uses in automobile exteriois are door 
handles, exterior-mirror components, windsbield-wasber 
components, windshield-washer protective housings, grills, 
roof jrails, sunroof trames, engine covers, cylindca'-bcad 
covers, inlet manifolds, windshield wipers, and exterior 
bodywork parts. 

[0291] Inthe Mtchen andhousehold sector, improved-flow 
pn1yamidi>s ran hp nsfifl tn pmdiice components ferldtfhpn 

machines, e.g. fiy^, smoothing irons, buttons, and appli- 
cations in the garden and leisure sector, e.g. componettts for 
nrigatton systems or gardea machmes, and door handles. 


EXAMPLES 
[0292] Hie following components wrae used; 

Component AJl : 

[0293] Nylon-6 (polycaprolactam) with a viscosity num- 
ber VN of 150 cd/g, measured in the form of a 0.5% strength 
by weight solution in 96% strength by weight sulfiuic acid 
at 25° C. to ISO 307 (the material used being Ultramid® B3 
from BASF AO). 
Componan A/2: 

[0294] Nylon-6T/6 (70:30) wHh a viscosity number VN of 
135 nd/g, measured in the form of a 0.5% strength by weight 
solution in 96% strength by weight snlforic acid at 25° C. to 
ISO 307 (fte material used being UltramidiBi KTR 4350 
fixamBASFAG). 
Component B 
[0295] Polycarbonates Bl 
[0296] General operating specification: 
[0297] The polyhydric alcohol, diethyl carbonate, and 
catalyst (250 ppm, based on weight of alcohol) were used as 
mitial charge in a three-necked flask equipped with stirrer, 
reflux condenser, and internal theimometer, the amounts in 
the mixture being as in table 1, and the mixture was heated 
to 120° C. and stirred at this temperature for 2 h. The 
temperature of the reaction mixture reduced here as the 
reaction proceeded, Ijecause of ons^ of evaporative cooling 
by die ^hanol liberated. The reflux condenser was than 
replaced by an inclined oondensef and, based on the equiva- 
lent amount of catalyst, one equivalent of phosphoric acid 
was added, the efhanoil was lemoved by distillatian, and the 
ten^eiature of the reaction mixture was increased ^owly to 
ISO" C. 

[0298] The alcohol removed by distillation was collected 
m a cooled round-bottomed flask and weighed, and convex 
sion was thus determined and compared in percentage terms 
with the foil conversion theoretically possible (see fable 1 ) . 
[0299] The reaction products were then analyzed by gel 
permeation chromatogtaphy, using dhnediylacetamide as 
ehtent and polymethyl melhactylate (PMMA) as standaid, 

[0300] GltiAe transition tenxperatufe and, respectively, 

melting point were detennined by DSC (drfoential scan- 
ning cakjlimetiy) to ASTM 3418/82, evaluatmg the second 
heating curve. 


TABLE 1 



TMP = TiiiELethylolpitjpane 
EO . Ethylene oxide 
PO = Propyietne oxide 
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[0301] 200J g (J3 moi) of cycloliexane-I,2-dicarboxylic 
anhydride and 997 g (10.8 mol) of glycerol were used as 
initial charge in a 4 1 jacketed reactor equipped with stirrer, 


wifh cold trap. After additioti of 3 g of 
di-n-butyMn oxide, the mixttne was heated to an intemal 
temperature of 150° C. wilhtheaidofanoilbath.AredQced 
pressure of 140 mbar was applied in order to remove water 
formed during the reaction. The reaction mixture was kept at 
the stated temperature and the stated pressure lor 12 hours. 
Cooling to room temperature gave the solid polyester. The 
analytical data are given in table 2. 
Component B 2/2 

[0302] 60 g (0,41 mol) of adipic add and 89 g (0.34 mol) 
of tris(hydroxyethyl)isocyanurate (THBIC) were used as 
initial charge in a 250 ml four-necked glass flask equipped 
with stiirer, interna! thermometer, gas-m!et tube, tktm 

uuudeusra and vatuuiii tuuucttiou with wulJ Uap. Alter 

addition of 0,3 ml of suJluric acid (2% aqueous solutian), the 
mixture was heated to an iut^3)al t^uperature of £rom 125 
to 135° C. with the aid of an oil bath. A reduced pressure of 
from 100 to 180 mbar was applied in order to remove water 
formed during the reaction. The reaction mixture was k^t at 
the stated temperature and the stated pressure for 10 hours. 
A fiirther 68.2 g (0^6 mol) of THEIC were then added and 
fbe reactioti was kqit for a fiirther 4 hours at the stated 
lemperatiuB and the stated pressure. Cooling to room tem- 
perature gave the solid polyester. Hie analytical data are 
given in table 2, 
Component B 2/3 

[0303] 116.5 g (0.6 moi) of dimethyl terephtlalate (UMl) 
and 335 g (0.5 mol) of ethoxylated trls(hydjroxymethyl)pro- 
pane, molar mass 670 g/mol, were used as initial charge in 
a 1 1 reaction, vessel equipped with stirrer, intemal thermom- 


tion with cold trap. After addition of 0.45 g of di-n-butyltin 
oxide, tlie mixtaue was heated to an intemal temperature of 
from 150 to 1 55° C. with tte aid of an oil bath, at a reduced 
pressure of 140 mfaec Metbanol formed durmg the reaction 
was removed by distillation. The reaction mixture was kqit 
at the Elated le mp etntnre and the stated piessuie for 3 boms. 
Cooling to mom tempetHture gave the polyesta: in the fcmi 
of a clear, low-viscosily liquid. The analytical data are given 

in iBble 2. 


differential acanning calorimctry (DSC) evaluating the ««- 

ond heating curve. Add number and hydroxy number were 
detemuned to DIN 53240, Fart 2. 

Preparation of Molding Compositions for Constitutions widt 


[030«] Components A) and B) we» blended at fiom 250 
to 260° C. in a twin-screw extaidar and ejctroded into a water 
bath. After pelleilzation and drying, VN and MVB. were 
determined on the pellets. 

Preparation of Molding Compositions for A/2 

[0307] Components A) and B) were blended at from 320 
to 330° C. in a twin-screw extruder and extruded into a water 
bath. After pelletization and drying, VN and MVR were 
d^rmined on the pellets 

[0308] MVR was determined to ISO 11 33 (at 275° a, 
mehing lime: S min, 5 kg), and fiir A/2 at 325° C„ melting 
time: 4 min., and S kg^ and VN was detemuned to ISO 307 
(at o-S g/1 in 96% Gttncgth enlfaiie and). 

[0.1 09] The variables E, a, e, ak, and an wa 
ISO 527 and 179 1 eA, and also 179 1 eV. 


[Mhywdglit] [WbyvfBigM] [ml/g] [ml/lO mh] 


(gtod) (°C.) SaWg) KOH/g) 


Analysis of Inventive Polyesters 

[0304] The polyesters were analyzed by gel permeatioo 
chromatography, using a reftactometer as detector. The 
mobile phase used was tetraliydrofljraia and the standard 
used to determine molecular wei^t was polymeliiyl melll- 
ooylatc (PMMA). 
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1. A diermoplastic molding compraition, comprisit^: 

A) from 1 0 1o 99% by weight of at least ane thennoplastic 
polyamide; 

B) liom 0.01 to 50% by weight of 

BI) at least one highly bninched or hyperbranched poly- 
carbonate with an OH number of from 1 to 600 mg 
KOH/g of polycarbonate (DIN 53240, Part 2), or 

B2) at least one highly hianched or hyperbranched poly- 
ester of A^By type, where x is at least 1,1 and y is at 
least 2.1, or a mixture of these; and 

C) fiom 0 to 60% by weight of other additives; 
wheiein the total of &e percentages by weight of com- 
ponents A) to C) is 100%. 

2. The themx^lastic molding composition according to 
claim 1, whoroin component Bl) has a niunbc]>Qvcmgc 

molar mass Mn of from 100 to 15 000 g/mol. 

3. The thermoplastic moldmg composition accoiding to 
claim 1, wherein component Bl) has a glass traBsition 
temperature Tg of from -80° C, to 140" C, 

4. The thermoplastic molding composition according to 
claim 1, wherein component Bl) h^ a viscosity (mPas) at 
23° C. pIN 53019) of from 50 to 200 000. 

5. The thermoplastic molding composition according to 
clciim 1, wherein cojnponcut D2) hai a. nambei-avsxagc 

molar mass Mn of fom 300 to 30 000 g/moL 

6. The thermoplastic molding composidon accoiding to 
claim 1, component B2) has a glass tiaDsitioa tempefature 
Tg of from -50 to 140° C. 

7. The thermoplastic molding composition according to 
claim 1, wherein component D2) has an OH number (DIN 
53240) of from 0 to 600 mg KOH/g of polyester. 

8. "Ilie thermoplastic molding compositian according to 
clahn 1, whcoviii campoiKait B2) has a CXXJH uuiuhei (DIN 

53240) of from 0 to 600 mg KOH/g of polyester. 

9. The thermoplastic mol<£ng con^osition accoidiltg to 
claitn 1, wharran coniponent B2) has at least one OH mmiber 
or COOH mm»ber Bieater than 0. 


10. The fhermoplastic molding con^osition according to 
claim 1, wherein the ratio of components B1):B2) is ftom 
1:20 to 20:1. 

11. (canceled) 

12. A liber, a foil, or a molding, obtainable from the 
thermoplastic molding composition according to claim 1. 

13. A method of making a fiber, foil, or molding, the 
method comprising: 

preparing a theimoplastic molding composition according 
to daim 1; and 

forming a fiber, foil, or molding from the theimoplastic 

14. The thermoplastic molding composition accoidii^ to 
claim 2, wherem component Bl) has a glass transidou 
temperature Tg of fixsm -80° C. to 140° C. 

15. The thermoplastic molding composition according to 
claim 2, wherein component Bl) has a viscosity (mPas) at 
23°C,offrom50to200 000. 

16. The thermoplastic molding composition acooidiiig to 
claim 3, wherein component Bl) has a viscosity (mPas) at 
23° C. of from 50 to 200 000. 

17. The fhermoplastic molding composition according to 
claim 2, wherein component B2) has a number-average 
molar mass Mn of from 300 to 30 000 g/mol. 

18. The fhermoplastic molding composition according to 
claim 3, wherein component B2) has a number-average 
molar mass Mn of from 300 to 30 000 g/mol. 

19. The thermoplastic molding composition according to 
claim 4, wherein component B2) has a number-average 
moiar mass Mn of from 300 to 30 000 g^moi, 

20. The thermoplastic tuoildiiig composition according to 
claim 2, wherein componod B2) has a glass transitioii 
tempsature Tg of fiom -50 to 140° C. 

claim 3, wheiein oomponetit B2) has a glass tiansitiffli 
tEmperahire Tg of from -50 to 140° C. 


